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(54) Color sensor 

(57) The light active layers (13R f 13G, 
13B) of a colour sensor are formed of an 
amorphous semiconductor or a mixed 



phase semiconductor of an amorphous 
semiconductor and a microcrystallized 
semiconductor. The color sensor furth- 
er comprises a light transmissible subs- 
trate (10). A red colorfilter (15R), a 
green colorfilter (15G) and a blue color 
filter (15B) are provided on one major 
surface of the light transmissible subs- 
trate (10). A red color light sensitive 
element (11R), a green color light sensi- 
tive element (1 1G) and a blue color light 
sensitive element (1 1 B) are provided on 
other major surface of the light trans- 
missible substrate (10) opposed to the 
red color filter ( 1 5R), the green color 
filter (15G) and the blue color filter 
(15B), respectively. Respective light 
sensitive elements (11 R, 1 1 G,n B) are 
formed such that respective transparent 
electrodes (12R, 12G, 12B), respective 
light active layers (13R, 13G, 13B) and 
respective metal electrodes (14R, 14G, 
14B) are stacked, in this order, on the ' 
light transmissible substrate (10). 
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SPECIFICATION 

Color sensor 

5 Background of the invention 
Field of the invention 

The present invention relates to a light sensitive 
apparatus whjch is sensitive to light in a plurality of 
specific wavelength zones. More particularly, the 
10 present invention relates to a color sensor which is 
sensitive to a light in a plurality of specific 
wavelength zones wherein no infrared cut filter is 
required and a yield is improved. 

15 Description of the prior art 

A light sensitive apparatus which Is sensitive to 
light included in a plurality of specific wavelength, 
zones, using as a light active layer a single crystal 
silicon, that is, a so-called color sensor, has already 
20 known. In principle, as shown in Figure 1, a conven- 
tional color sensor is structured such that a plurality 
of photodiode regions 2R, 2G and 2B which are light 
sensitive areas are provided on a surface of a single 
crystal silicon substrate 1 and optical filters having 
25 different wavelength zones of transmissible light, for 
example, a red color filter 3R, a green color filter 3G 
and a blue colorfilter 3B are disposed on the 
photodiode regions, respectively, and a further 
infrared ray cut filter 4 are disposed on the optical 
30 filters. In an operation of such sensor,, in case where 
visible radiation is incident on the substrate 1 
through each of the filter 3R, 3G and 3B, respective 
detection signals are outputted from a photodiode 
region 2R corresponding to a red color filter 3R if a 
35 color included in the incident visible radiation is red, 
and from the photodiode region 2G corresponding 
to the green color filter_3G if being green, and from 
the photodiode region 2B corresponding^to the blue 
color filter 3B if being blue, respectively. 
40 A light sensitivity characteristic of asingle crystal 
silicon per se presents a peak in an infrared ray 
region, as shown in a curve A in Figure 2. On the 
other hand, the red colorfilter 3R indicates a peak of 
transmittivity in a red color band, however, the band 
45 characteristic extends to an infrared ray region while 
attenuating. Accordingly, in case where a single 
crystal silicon is used as a light active layer, the 
photodiode region 2R for detecting a red color is 
sensitive to not only a red color light, but also an 
50 incident infrared ray through the red color filter 3R 
while attenuating in accordance with the above 
described light sensitivity characteristic, and thus 
color information cannot be precisely detected. The 
infrared ray cut filter 4 in said conventional color 
55 sensor is provided for removing such incident 
infrared ray and hence is necessarily needed. 

However, the existence of such -infra red ray cut 
filter 4 not only makes a structure of a color sensor 
complicated, but also brings about a defect that a 
60 fragile silicon substrate 1 is broken in the course of 
the step wherein the filter 4 and the respective color 
filters 3R, 3G and 3B are superimposed and covered 
on the single crystal silicon substrate 1 . 

65 S ummary of the in vention 



The present invention is directed to a color sensor 
for detecting light in a plurality of specific 
wavelength zones. A color sensor in accordance with 
the present invention comprises a light transmissi- 
70 ble substrate capable of transmitting light; a plural- 
ity of optical filter provided on one major surface of 
the light transmissible substrate, which filters have 
the respective different transmissible light zones; 
and a plurality of light sensitive elements on other 
75 major surface of the light transmissible substrate 
opposed to the optical filter, respectively, each light 
sensitive elements including an amorphous semi- 
conductor or a mixed phase semiconductor compris- 
ing an amorphous semiconductor and a microcrys- 
80 "talrzed semiconductor. In accordance with the pre- 
sent invention, a color sensor can be obtained 
wherein no infrared ray cut filter is required and 
yield is improved. 
In a preferred embodiment of the present inven- 
85 tion, detection of an incident light is made by 

utilizing a photovoltaic effect or photoconductivity 
effect in a light active layer. 

In other preferred embodiment of the present 
invention, a light active layer is formed as a single 
90 layer common to all of the light sensitive elements 
so that a simplification of manufacturing process is 
achieved. 

In a further preferred embodiment of the present 
invention, a ratio of light receiving areas of a 
95 plurality of light active layers is determined so that 
all of the light active layers have the same light 
sensitivity. As a result, the precision for color 
detection can be enhanced. 

In a still further preferred embodiment of the 
100 present invention, a light sensitive element is pro- 
vided which is not opposed to any optical filters, 
which light sensitive element can be used for 
sensitivity compensation of a color sensor. 

In a further preferred embodiment of the present 
105 invention, a processing circuit is provided on one 
major surface of a light transmissible substrate, 
which processing circuit is electrically connected to 
light sensitive elements for processing an output 
. from the light sensitive elements. In accordance with 
* 110 the embodiment, an apparatus can be made in a unit 
manner. 

Accordingly, a principal object of the present 
invention is to provided a color sensor wherein no 
infrared ray cut filter is required and a yield is 
115 improved as compared with a conventional color 
sensor. 

These objects and other objects, features, aspects 
and advantages of the present invention will become 
more apparent from the following detailed descrip- 
120 tion of the present invention when taken in conjunc- 
tion with the accompanying drawings. 

Brief description of the drawin gs 
Figure 1 is a schematic cross sectional view 
1 25 showing a conventional color sensor using a single 
crystal silicon as a light active layer; 

Figure 2 is a graph showing a light sensitive 
characteristic of a single crystal silicon and an 
amorphous silicon; 
130 Figures3A and 3B are a schematic front view as 
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viewed from a light incident side of a color sensor of 
a preferred embodiment of the present invention 
and a schematic cross sectional view taken from the 
line NIB - NIB' in Figure 3A, respectively; 
5 Figure 4 shows a light transmission characteristic 
of a color filter used in a preferred embodiment of 
the present invention; 

Figure 5 is a schematic cross sectional view 
showing a light active layer of a PIN junction type of 
10 a color sensor of the present invention; 

Figure 6 is a schematic cross sectional view 
showing a light active layer of a color sensor of the 
present invention which is not of a junction type; 
Figures 7 A and 7B are a schematic front view as 
1 5 viewed from a light incident side of a color sensor of 
other preferred embodiment of the present inven- 
tion and a schematic cross sectional view taken from 
the line VHB - VIIB' therein, respectively; 
Figures 8A, 83 and 8C are a schematic front view 
20 as viewed from a light incident side of a color sensor 
of a further preferred embodiment of the present 
invention and a schematic cross sectional view taken 
from the line VHIB - VIIIB' and a schematic cross 
sectional view taken from the line VUIC - VIIIC 
25 therein, respectively; 

Figures 9A and 98 are a schematic front view as 
viewed from a light incident side of a color sensor of 
a still further preferred embodiment of the present 
invention and a schematic cross sectional view taken 
30 from the line IXB - IXB', respectively; 

Figure 10 shows an example of a specific structure 
of a processing circuit used in the Figure 9 embodi- 
ment; 

Figures 11 A, 1 1B and 7 /Care a schematic front 
35 view as viewed from a light incident side of a color 
sensor of a further preferred embodiment of the 
present invention, a schematic cross sectional view 
taken from the line XIB - XIB' and a schematic cross 
sectional view taken from the line XIC - XIC, 
40 respectively; 

Figure 12 shows an example of a specific structure 
of a processing circuit used in the Figure 1 1 embodi- 
ment; and 

Figure 73 is a schematic front view as viewed from 
45 a light incident side showing a further embodiment 
of a color sensor in accordance with the present 
invention. 

Description of the preferred embodiments 

50 Figures 3A and 3B are a front view as viewed from 
a light incident side in a color sensor of a preferred 
embodiment of the present invention and a cross 
sectional view taken from the line NIB - IIIB', 
respectively. The color sensor comprises first, 

55 second, third thin film light sensitive elements 1 1 R, 
11G and 11B provided on a light transmissible 
substrate 10 such as glass, plastic and the like of 0.3 
mm in thickness. Color filter films inherent to each 
elements are provided on one major surface of the 

60 substrate 10. More particularly a red color filter film 
15R is provided corresponding to the first light 
sensitive element 1 1R, a green color filter film 15G is 
provided corresponding to the second light sensitive 
element 11G and a blue color filter film 15B is 

65 provided corresponding to the third light sensitive 



element 1 1 B. As each of filter films, WRATTEN 
GELATIN FILTER made by Eastman Kodak Incorpo- 
rated is preferred. For example, the lot number 25 is 
used as a red color filter film 1 5R, number 58 as a 
70 green color filter 1 5G and number 47B as a blue 
color film 1 5B, which are fixed onto the substrate by 
the adhesive of transparent resin, for example. 
These filters have a light transmissible characteristic 
as shown in Figure 4. The first to the third light 
75 sensitive elements 1 1 R, 1 1 G and 1 1 B include stacks 
of layers having first electrode films 1 2R, 1 2G and 
12B, light active layers 13R, 13G and 13B and second 
electrode films 14R, 14G and 14B deposited on other 
major surface of the substrate 1 1 , respectively. The 
80 respective stacks of layers are individually opposed 
to the corresponding filter film. 

The first electrode films 1 2R, 12G and 12B are light 
transmissible electrodes comprised of a transparent 
electric conductive material such as tin oxide, in- 
85 dium tin oxide and the like and the second electrode 
films 14R, 14G and 14B are metallic electrodes 
comprised of aluminum or the like. 

The light active layers 13R, 13G and 13B are 
formed of an amorphous semiconductor or a mixed 
SO phase semiconductor of an amorphous semiconduc- 
tor and a microcrystallized semiconductor which are 
about 1 fim in thickness. As an amorphous semicon- 
ductor, an amorphous silicon (a-Si), amorphous 
silicon carbide (a-SiC), amorphous silicon germa- 
95 nium (a-SiGe), amorphous silicon nitride (a-SiN), 
and amorphous silicon tin (a-SiSn) which are formed 
on any substrate by way of gas reaction such as 
glow discharge are known. The mixed phase semi- 
conductor is of a mixture of such amorphous 

1 00 semiconductor and a microcrystallized one thereof. 
In addition, hydrogen and halogen elements may be 
included in these substances or arsenic (As), phos- 
phourus (P), boron (B) and aluminum (A1) may be 
doped. Such light active layers may be or may not be 

105 of a junction type. 

In operation, first it is assumed that the light active 
layers 13R, 13G and 13B are of a junction type such 
as PN junction, PIN junction, PI junction, IN junction, 
Schottky junction, heterophase junction, MIS junc- 

110 tion through an insulating layer, and the like. Then, 
electrons and/or holes in free state are generated in 
the light active layers 13R, 13G and 13B by applying 
to the light active layers 13R, 13G and 13B light of 
particular wavelength regions selected by the re- 

115 spective color filters 15R, 15G and 15B of red, green 
and blue colors, which electrons and/or holes reach 
the respective first light transmissible electrodes 
12R, 1 2G and 1 2B and second metallic electrodes 
14R, 14G and 14B so that photovoltaic force is 

120 generated between both electrodes 12R and 14R, 
12G and 14G, and 12Band 14B, respectively. On the 
other hand, if the light active layers 13R, 13G and 
13B do not include the above described junctions, a 
photoconductive phenomenon appears in which a 

125 conductivity increases due to a generation of elec- 
trons and/or holes in free state. In such a way, each 
of the light sensitive elements 1 1 R, 1 1 G and 1 1 B is 
sensitive to irradiating light of a particular 
wavelength region and hence a signal of a level 

130 corresponding to the intensity of the irradiating light 
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is outputted. More particularly, the ratio of 
wavelength components of an incident light can be 
obtained from the level of the output signal from 
each of the light sensitive elements 11R, 11G and 
5 1 1 B. Therefore, if and when the color filters 1 5R, 1 5G 
and 15B of red, green and blue colors-which are 
three primary colors of light are used in accordance 
wrth the present embodiment all of the color 
informations can be obtained. 
1 0 The light sensitivity characteristic of an amor- 
phous semiconductor has a band which is almost 
included in a visible radiation zone as shown in a 
curve B in Figure 2. A mixed phase semiconductor of 
an amorphous semiconductor and a microcrystal- 
lb lized semiconductor also indicates substantially the 
same characteristic. For this reason, in a color sensor 
in accordance with the present invention, even if an 
infrared ray is entered through a red color filter 1 5R ' 
it .s hardly detected and hence precise color informa- 
W tion can be detected without using an infrared ray 
cut filter which is conventionally required. In addi- 
tion, in a color sensor in accordance with the present 
invention, each of the color filters 15R, 15G and 15B 
is fixed to a surface of the substrate which is 
25 opposite side to the light active layers 13 and hence 
the light active layers 13 cannot be damaged in 
fixing the color filters. 

Now a more specific embodiment will be de- 
scnbed in conjunction with a manufacturing process 
•30 thereof. 

First, as the first light transmissible electrodes 12R 
12G and 12B, indium tin oxide (ITO) is deposited by ' 
sputtering and patterned on one major surface of the 
lighttransmissible substrate 10. Then, the light 
35 active layers 13R, 13G and 13B are formed thereon. 
As described in the foregoing, the light active 
layers are made of ah amorphous silicon semicon- 
ductor or a mixed phase semiconductor about 1 am 
in thickness, the detail of which is shown in Figure 5 
40 This will be described in detail in conjunction with a * 
manufacturing process thereof. The light transmissi- 
ble substrate 10 with only the first electrodes 12R 
12G and 12B of the respective light sensitive el e- ' 
mentsUR, 11 G and 11B is disposed between 
45 reaction electrodes of a plasma reaction furnace. 
Then with the light transmissible substrate 10 heated 
at a approximately 300°C in the reaction furnace, a 
silane (SiH a ) gas and an impurity gas of diborane 
(B 2 H 6 ) at the concentration of 1 000 ppm are intro- 
50 duced in the reaction furnace! Then a high frequency 
electnc power of 13.56 MHz and 100 W is applied to 
the above described reaction electrodes, so that a 
glow discharge is caused, whereby an amorphous 
silicon layer 13P of P-type is obtained on the light 
55 transmissible substrate 10 with the thickness of 
approximately 100 A. Thereafter only B 2 H 6 gas is 
removed and l-type amorphous silicon layer 131 is 
deposited at the thickness of approximately 5000 A 
Then phosphine (PH 3 ) serving as an impurity gas is 
m,xe fc d thereinto at the concentration of 1000 ppm, so 
that N -type amorphous silicon layer 13N is formed 
with the thickness of approximately 300 A. Thus a 
single light active layer 13 comprised of an amor- 
phous silicon (a-Si:H) semiconductor layer having a 
65 PIN junction with the respective P, I and N layers 



stacked on the light transmissible substrate 10 is 
provided. Meanwhile, since the growth rate of the 
above described amorphous silicon layer is approxi- 
mately 1 jmn/nr for each of the layers, the time is 
70 controlled to obtain a desired thickness for each 
Such an amorphous silicon diode manufacturing 
process by means of a glow discharge is well- 
known, as disclosed in the Japanese Patent Publlca- 
tion Gazette No. 37718/1978 (which counterpart 
75 patents are as follows: US Patent No. 4,064 521 
British Patent 1,545,897 and French Patent ' 
2,304,180). 

Then the above described light active layer 13 of 
the amorphous silicon semiconductor is divided by 
80 means of a photoetching, a plasma pattern etching 
or the like, so that predetermined patterns are 
defined. By way of this division, the neighboring 
light active layers 13R, 13G and 13B are securely 
insulated from each other. Alternatively, the sepa- 
85 rate light active layers 13R, 13G and 13B may be 
selectively formed from the beginning by using a 
metalic mask without using the above described 
method. 

Thereafter, the metallic electrode 14 of aluminum 
90 is deposited on the above described light active 
layers 13R, 13G and 13B and then unnecessary 
portions are removed so that three light sensitive 
elements 11 R, .1 1 G and 1 1 B are formed on the above 
described lighttransmissible substrate 10. 
95 After formation of the light sensitive elements 11 R 
11 G and 1 1B in the above described manner, the 
respective color filters of red, green and blue colors 
are disposed on other major surface of the light 
<™ ** a " smissible substrate 10 opposed to the respective 
100 light sensitive elements 11 R, UGandllB respec- 
tively. ' K 

In a photoconductive type which has not a con 
junction, a non-doped layer (l-type layer) of 1 - 10 
micron, for example, 5 micron, is formed by. a glow 
105. discharge in only SiH 4 gas. Electrode arrangement 
includes the same arrangement as that in the above 
described photovoltaic type wherein the light active 
avers 13R, 13G and 13B are interposed between a 
lighttransmissible electrodes 12R, 12G and 12B and 
110 metallic electrodes 14R, 14G and 14B and also 
includes an arrangement wherein the light active 
layers 13R, 13G and 13B are directly disposed on the 
light transmissible substrate 10 and a pair of metallic 
- electrodes 14 and 14' are disposed on the exposed 
1 1 5 major surface with a predetermined spacing as 
shown in Figure 6. In accordance with the latter 
arrangement, not only the lighttransmissible elec- 
trodes 12R, 12G and 12B can be omitted, but also a 
slight attenuation of a transmissible light due to 
120 existence of a light transmissible electrodes can be 
avoided. 

Figure 7A is a front view as viewed from light 
irradiation side of a color sensor of other preferred 
embodiment of the present invention and Figure 7B 
125 is a cross sectional view taken from line VIIB - VIIB' in 
Figure 7 A. In the present embodiment, the light 
sensitive elements 11 R, 11 G and 11 B comprise light 
transmissible electrodes 12R, 12G and 12B a light 

i<*n H rt T elaVe / 13 ^ mprisedofanamo ^ h0US semicon- 
130 ductor uniformly formed overall the areas and 
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metallic electrodes 14R, 14G and 14B which are 
stacked in this order on the side of the fight 
transmissible substrate 10. 
Even if the light active layer 13 is formed of such a 
5 single common amorphous semiconductor layer 
without dividing it to each layer for each of the light 
sensitive elements 1 1 R, 1 1 G and 11 B, there is almost 
no cross talk between each light sensitive element 
and hence the respective elements can be substan- 

10 tialy insulating from each other since the amorphous 
semiconductor has a higher resistance value as 
compared with conventional single crystal semicon- 
ductor and in addition, the film thickness is an order 
of at most 1 micron and hence the spacings between 

1 5 each of the light sensitive elements 1 1 R, 1 1 G and 
11 B can be made larger than the above described 
film thickness. Thus, a manufacturing step can be 
simplified by forming each light sensitive element 
1 1 R, 1 1 G and 1 1 B with a single common amorphous 

20 semiconductor. 

Figure 8A is a front view as viewed from light 
irradiating side of a color sensor which is a further 
preferred embodiment of the present invention, and 
Figures 8B and 8C are cross sectional views taken 

25 from the lines VIIIB - VIIIB' and VIIIC- VIIIC in Figure 
8A, respectively. 

The present invention embodiment is intended to 
enhance color detecting precision in a color sensor 
in accordance with the present invention. More 

30 particularly, although the light sensitivity character- 
istic of an amorphous semiconductor has a zone or 
band included in a visible radiation region as 
described in Figure 2, it is not flat but has a peak near 
approximately 550 nm as shown in the figure. In 

35 addition, the transmissibility of the respective color 
filter films 1 5R, 1 5G and 1 5B are not identical as 
shown in Figure 4 and, particularly, the red color 
filter film 13R has the largest transmittivity. For this 
reason, the light sensitivity of the first to third light 

40 sensitive elements 1 1 R, 1 1 G and 1 1 B are different 
from each other and thus even if the incident light 
with the same intensity is irradiated, different detec- 
tion outputs are generated, respectively. 
The most significant feature of the present embo- 

45 diment is that the light receiving area in each of the 
light sensitive elements is different corresponding to 
the light sensitivity of each element and the light 
receiving area of the element having the largest light 
sensitivity is made the smallest. More particularly, 

50 the ratio of the light receiving areas of the first, 
second and third light sensitive elements 1 1 R, 1 1 G 
and 11B is set to about 2:3:5, so that the light 
sensitivity (output voltage/incident light intensity) of 
each light sensitive element is made substantially 

55 the same and hence a color detection is made with 
improved precision. 

Figure 9A is a front view as viewed from a light 
irradiation side of a color sensor which is still further 
preferred embodiment of the present invention, and 

60 Figure 9B is a cross sectional view taken from the 
line IXB - IXB'. 

In the present embodiment, a color sensor in 
accordance with the present invention further in- 
cludes a processing circuit 20 provided on one major 

65 surface of a substrate 1 0, which processing circuit 20 



is electrically connected to both electrode films 12R, 
14R; 12G, 14G; 12B, 14Bof the respective light 
sensitive elements and processes an output from 
each of the light sensitive elements. 

70 Electrical connection of the processing circuit 20 
with the above described respective electrode films 
is made by conduction paths 21, 22, ... extending 
from the respective electrode films. In addition, a 
power source terminal 22 and an earth terminal 23 

75 connected to the processing circuit 20 and output 
terminals 24R, 24G and 24B are deposited and 
formed on the substrate 10. 

An example of a more specific structure of the 
processing circuit 20 is shown in Figure 10, wherein 

80 the outputs from the first, second and third light 
sensitive elements 1 1 R, 1 1 G and 1 1 B enters into a 
maximum value detector 31 thorugh corresponding 
amplifiers 30R, 30G and 30B, respectively. The 
maximum value detector 31 is of a well-known 

85 structure comprising a plurality of comparators, and 
finds out the largest output level among the outputs 
from the respective amplifiers 30R, 30G and 30B and 
outputs the same to a line 32R if it corresponds to a 
red color, to a line 32G if it corresponds to a green 

90 color, or to a line 32B if it corresponds to a blue color, 
respectively. 

As described in the foregoing, in accordance with 
the present embodiment a color sensor can be 
made in a unit manner since a processing circuit can 

95 be provided on a substrate of a color sensor in a 
. integral manner. 

Figure 11 A is a front view as viewed from a light 
irradiation side of a color sensor which is a further 
preferred embodiment of the present invention, and 
100 Figures HBand 1 1C are cross sectional views taken 
from the lines XIB - XIB' and XIC - XIC in Figure 1 1 A. 
The present embodiment is intended to enhance a 
color detecting precision of a color sensor in accord- 
ance with the present invention and thus, is char- 
1 05 acterized in that a fourth light sensitive element 1 1 W 
is provided adjacent to the first, second and third 
light sensitive elements 11 R, 11 G and 1 1 B. The 
fourth light sensitive element 1 1 W is provided on the 
substrate 10 in the same structure and the same 
110 manner as other elements, however, it is different 
- from other elements in that no opposed color filter is 
provided on the other major surface of the substrate 
10. 

The fourth light sensitive element 1 1 W is used for 

115 correcting outputs of other elements, the example of 
use thereof being shown in Figure 1 2. In Figure 1 2, 
the outputs from the first, second and third light 
sensitive elements 1 1 R, 11 G and 1 1 B enter into a 
maximum value detector 31 through their corres- 

1 20 ponding amplifiers 30R, 30G and 30B, as explained 
in conjunction with the Figure 9 embodiment. As 
described in the foregoing, a maximum value detec- 
tor 31 finds out the largest output level among the 
outputs from the amplifiers 30R, 30G and 30B and 

1 25 outputs the same to a line 32R if it corresponds to a 
red color, to a line 32G if it corresponds to a green 
color, or to a line 32B if it corresponds to a blue color. 
In this state, for example, if light of an intermediate 
color between red and green, and red color being 

130 slightly more intensive than the green, is irradiated, 
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the maximum value detector 31 provides an output 
indicating that the irradiated light is red although the 
irradiated light is an intermediate color. In order to 
avoid such output state, an output from the fourth 
5 light sensitive element 11Wis used. More particular- 
ly, the output passes through the amplifier 30W and 
then is compared in the comparators 33R, 33G and 
33B with the output from other amplifiers 30R/30G 
and 30B. The respective comparators 33R, 33G and 

10 33B provide an output if the output levels from the 
respective first, second and third light sensitive 
elements 11 R, 1 1 G and 1 1 B are larger than a 
predetermined rate of output level from the fourth 
light sensitive element 11 W, the output from the 

15 comparators 33R, 33G and 33B making effective an 
operation of the maximum value detector 31 
through an OR gate 34. 

Since the fourth light sensitive element 1 1Wdoes 
not comprise a color filter, the output level thereof is 

20 larger than those in any other light sensitive ele- 
ments. The output levels from the first, second and 
third light sensitive elements 1 1 R f 1 1 G and 11 B are 
lower than the output level from the fourth light 

sensitiveelementllWandifincidentlightisofan 
25 intermediate color, the former output levels become 
further lower. Therefore, the ratio of the output 
levels from the first, second and third light sensitive 
elements 1 1R, 11 G and 1 1B in case where incident 
light is not of intermediate color, and the output level 
30 from the fourth light sensitive element 1 1 W is used 
as a reference and then the respective comparators 
33R, 33G and 33B are designed such that the 
comparators 33R, 33G and 33B apply no output if the 
output levels from the first, second and third light 
35 sensitive elements 1 1 R, 1 1G and 1 1 B are lower than 
such reference. As a result, as described in the - 
foregoing, if the light of a intermediate color be- 
tween red and green is irradiated to a color sensor 
10, the maximum value detector 31 does not operate 
40 and hence applies no output. Accordingly, in accord- 
ance with the present embodiment, it is possible to 
avoid detecting erroneously an intermediate color as 
other color so that a color detecting precision can be 
increased. 

45 Figures 13A and 13B are still further embodiments 
of a color sensor in accordance with the present 
invention. In Figure 13A, three light sensitive regions 

1 1 are closely disposed to be symmetrical about a 
center and in Figure 13B, a six light sensitive 

50 elements 1 1 are closely disposed to be symmetrical 
about a center. Optical filters 15, ... having different 
wavelength zones of transmissible light are provided 
opposed to the respective light sensitive regions 11, 
s 'nce use of three primary colors of light make ' 
t>b possible coverage of all of the visual radiation zone 
a low sensitivity can be compensated by duplicately 
using color filters 15, ... having wavelength zone of 
low relative sensitivity if there are six light sensitive 

regions 11 |„ addition, color filters 15, ... of cyanic 

bu color, magenta color and yellow color which are 
complimentary colors of three primary colors of red 
green and blue may be added. 

Although not shown, an arrangement wherein a 
number of sensitive regions are linearly arrayed is 
65 useful, particularly, as optical reader apparatus for a 



color facsimile. In this case, many units each com- 
prising three light sensitive regions with color filters 
of red, green and blue are linearly arrayed. 
Meanwhile, it has been known that the above 
70 described amorphous semiconductors having diffe- 
rent light sensitivity characteristics can be easily 
obtained by properly selecting a composition of 
reaction gas and composition ratio. For example, rf 
and when reaction gas includes SiH 4 and methane 
75 (CH 4 ) so.that an amorphous silicon carbide is * 
formed, the light sensitivity on the shorter 
wavelength side increases, and if germane (GeH 4 ) is 
added to reaction gas, an amorphous silicon germa- 
nium is obtained, whereby the light sensitivity at the 
80 side of longer wavelength can be increased. 

Although the light transmissible electrodes 12R, 
12G and 12B and metallic electrodes 14R, 14G and 
14B are disposed in a separated manner with respect 
to the respective light sensitive regions 1 1 R ( 1 1 G and 
85 1 1B, anyone electrode may be uniformly formed 
over the entire region. Particularly, if and when the 
light transmissible electrodes 1 2R, 12G and 12B are 
formed uniformly over the entire region, the amor- 
phous semiconductor to be superimposed or lamin- 
90 ated is made flat, which is much useful. 

As apparent from the above described description, 
in a color sensor in accordance with the present 
invention, light active regions of light sensitive 
elements are formed of an amorphous semiconduc- 
95 tor or a mixed phase semiconductor of an amor- 
phous semiconductor and microcrystallized semi- 
conductor which light sensitivity characteristic sub- 
stantially exists in a visible radiation band and hence 
an infrared ray cut filter which is indispensable to 
1 00 conventional single crystal silicon having a peak of 
sensitivity in an infrared ray zone can be omitted. In 
addition, since the light transmissible substrate 
serves as a protector and support in disposing 
optical filters defining light sensitive wavelength 
105 zone, without adversely affecting fragile light active 
layers, the decrease of yield of apparatus can be 
prevented. 

Although the present invention has been de- 
scribed and illustrated in detail, it is clearly under- 
110 stood thatthe same is by way of illustration and . 
example only and is not to betaken by way of 
limitation, the spirit and scope of the present 
invention being limited only by the terms of the 
appended claims. 

115 

CLAIMS 



1. A color sensor for detecting light in a predeter- 
mined plurality of specific wavelength zones, com- 
120 prising; 

a light tranmissible substrate (10) capable of 
transmitting light, 

a plurality of optical filters (15R, 15G, 15B) pro- 
vided on one major surface of said light transmissi- 
125 ble substrate (10) for transmitting the light of a 

particular wavelength zone to said light transmissi- 
ble substrate (10), said plurality of optical filters (1 5R, 
15G, 15B) having respective different transmissible 
light zones, and 
130 a plurality of light sensitive elements (1 1R, iig, 
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1 1 B) provided on another major surface of said light 
transmissible substrate (10) opposed to said plural- 
ity of optical filters (1 5R, 1 5G, 1 5B), respectively and 
for detecting the light in said particular wavelength 
5 zone transmitting through said optical filters (15R, 
15G # 15B) and said light transmissible substrate (10), 

each of said plurality of light sensitive elements 
(11R, 11G, 11B) comprising a light active layer (13R, 
13G, 13B) comprised of an amorphous semiconduc- 
1 0 tor or a mixed phase semiconductor comprising an 
amorphous semiconductor and a microcrystalline 
semiconductor. 

2. A color sensor in accordance with claim 1 
wherein 

15 said light active layer (13R, 13G, 13B) isformed in 
a junction type so that the detection of light by said 
light sensitive element (1 1 R, 1 1 G, 1 1 B) is made by 
way of a photovoltaic force which is generated when 
the light is irradiated to said junction. 

20 3. A color sensor in accordance with claim 1 
wherein 

said light active layer (13R, 13G, 13B) comprises a 
single semiconductor, so that the detection of light 
by said light sensitive elements'0 1 R f 1 1 G, 1 1 B) is 
25 made based on an increase of conductivity of said 
single semiconductor which is caused when the light 
is irradiated to said single semiconductor. 

4. A color sensor in accordance with any one of 
claims 1 to 3, wherein 

30 said light active layer (13R, 13G, 13B) comprises a 
single layer common to all of said plurality of light 
sensitive elements (1 1 R f 1 1 G r 1 1 B). 

5. A color sensor in accordance with any one of 
claims 1 to 3, wherein 

35 the ratio of light receiving areas of the light active 
layers (13R, 13G, 13B) respectively included in said 
plurality of light sensitive elements (11 R f 11G, 11B) is 
determined such that said all of the light active 
layers (1 3R, 1 3G, 1 3B) has the same light sensitive 

40 sensitivity which is a ratio of an incident light 

intensity to light detecting output according to a light 
sensitivity characteristic of the semiconductor form- 
ing said light active layer (13R, 13G, 13B). 

6. A color sensor in accordance with any one of 
45 claims 1 to 3, which further comprises a further light 

sensitive element (1 1 W) provided on other major 
surface of said light transmissible substrate (10) for 
sensitivity compensation of a color sensor, said 
further light sensitive element (1 1 W) being not 

50 opposed to any of said plurality of optical filters 
(15R, 15G, 15B) provided on one major surface of 
said light transmissible substrate (10), so that light 
transmitting said light transmissible substrate (10) 
not through said optical filters (15R, 15G, 15B) is 

55 detected. 

7. A color sensor in accordance with any one of 
claims 1 to 3, which further comprises a processing 
circuit (20) provided on other major surface of said 
light transmissible substrate (10), said processing 

60 circuit (20) being electrically connectd to said light 
sensitive elements (11 R, 11 G, 11 B) and processing 
outputs from said light sensitive elements (1 1R, 11 G, 
11B). 

8. A photodetector comprising a translucent sub- 
65 strate, a plurality of colour band-pass filters dis- 
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posed adjacent one another on one surface of said 
substrate, and a corresponding plurality of photo- 
sensitive elements provided on an opposed surface 
of said substrate and each arranged to be respective 

70 to light passed by a respective one of the filters and 
transmitted through the substrate, each of said 
photosensitive elements including a photodetector 
comprised of an amorphous semiconductor material 
or of a mixed phase semiconductor material includ- 

75 ing an amorphous semiconductor material and a 
microcrystalling semiconductor material. 

9. A photodetector as claimed in claim 8 wherein 
the material comprising said photosensitive ele- 
. ments is substantially as herein described. 

80 10. A photosensor substantially as herein de- 
scribed with reference to any of Figures 3 to 13 of the 
accompanying drawings. 
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